Background and purpose: We investigated non-acute headache patients' longterm satisfaction with a telemedicine consultation and consultation preferences in northern Norway. We hypothesized that patients were not less satisfied with telemedicine than traditional consultations. We also examined the influence of gender, age and education on satisfaction. Methods: For 2.5 years, patients were consecutively screened, recruited and randomly assigned to telemedicine or traditional visits with a consultation at a neurological outpatient department. The primary endpoint was frequency of satisfied patients at 3 and 12 months. Secondary endpoints were satisfaction with consultation, communication, information, diagnosis, advice and prescriptions, and preferred visit form at 12 months. Results: Of 402 participants, 279 (69.4%) answered questionnaires at both 3 and 12 month, and 291 (72.4%) responded at 12 months. The long-term satisfaction of telemedicine patients was 124/145 (85.5%) compared with 118/134 (88.1%) in the traditional group (P = 0.653). The groups did not differ with respect to secondary endpoints, but females were more satisfied with telemedicine communication (P = 0.027). In the telemedicine group, 99/147 (67.3%) were indifferent to the type of consultation. Age and education did not alter the primary results. Conclusions: At 1 year after a specialist evaluation for headache, telemedicine patients did not express less satisfaction than those with traditional consultation. Telemedicine specialist consultations may be a good alternative for headache patients in secondary care.
Introduction
A well-educated woman in her 50s travelled 800 km to a headache specialist consultation [1] . She complained about the long journey, being absent from home and work, and not being able to care for her grandchild. She asked why this travel was necessary, as the consultation could be done remotely through telemedicine. Similar experiences are reported by many headache patients in our large and sparsely populated area ( Figure S1 ), and were an important motivation for this project [2] .
The wide use of telemedicine in clinical practice [3] and limited evidence to recommend use of information and communication technology in the management of headache justify a randomized trial [4] [5] [6] [7] . Moreover, telemedicine may help combat misdiagnoses, delay and suboptimal treatment of headaches [1, [8] [9] [10] ], but we need to ensure that new technology keeps up with diagnostic quality and good clinical practice.
We investigated non-acute headache patients' longterm satisfaction with a telemedicine consultation and consultation preferences. Additionally, we assessed how sex, age and education influenced patients' satisfaction with telemedicine. The primary hypothesis was that telemedicine is not inferior to traditional Correspondence: K. I. M€ uller, Department of Neurology, University Hospital of North Norway, N-9038 Tromsø, Norway (tel.: +47 776 27073; fax: +47 776 27074; e-mail: kai.ivar.muller@unn.no). The copyright line for this article was changed on 22 May 2017 after original online publication. visits in non-acute headache patients' long-term satisfaction.
Patients and methods

Participants, design and setting
All patients were consecutively recruited from September 2012 to March 2015 from referrals to our secondary neurological outpatient department (Fig. 1) . Participants randomized to the traditional group had an inperson consultation in the examination rooms by a neurologist (K.I.M. or S.I.B.). Participants in the telemedicine group had a consultation via a system that provided a two-way audio and video communication between the neurologist in the examination room and the patient in the videoconference room [2, 11] . All participants received a one-time consultation and a 3-and 12-month follow-up questionnaire.
The eligibility criteria were males and females aged 16-65 years with non-acute headaches referred from general practices in northern Norway ( Figure S1 ), waiting time less than 4 months, and patients not being consulted by neurologist for headache in the previous 2 years. Those with abnormal findings on neurological examination reported by the referring doctor or by neuroimaging, suggestive of a secondary headache cause, were excluded.
Questionnaire
The questionnaire was sent, by patient preference, either by letter or via internet survey [12] . A reminder was sent if no answer was received within 2 weeks.
At 12 months patients were asked: (a)If they were 'satisfied with the consultation' ('Yes'/ 'No'). 
Outcome variables
To minimize confounders and to standardize the conditions, we obtained data of patient satisfaction from the 3-month questionnaire. Subsequently, in order to obtain a more dynamic perspective of satisfaction, we defined patients who were satisfied with the baseline consultation at both 3 and 12 months as the primary outcome variable.
Primary outcome: (a)Frequency of satisfied patients at 3 months who confirmed satisfaction at 12 months (pre-specified). Secondary outcome at 12 months: (b)Frequency of satisfied patients (pre-specified). (c)Frequency of patients who were satisfied with communication, information, diagnosis, advice and medication (non-pre-specified).
(d)Frequency of telemedicine patients who preferred traditional consultation compared with patients who were either indifferent or preferred telemedicine (nonpre-specified). (e)Frequency of patients who were satisfied with the GP's treatment and follow-up (non-pre-specified). (f)A non-pre-specified post hoc analysis to evaluate impact of sex, age and education on patients' satisfaction with telemedicine consultations.
Sample size and randomization
Sample size estimation was based on a satisfaction frequency of 90%. If there is no difference between the two groups, then 254 participants are needed to be 95% sure that the upper limit of a one-sided 99% interval (or equivalently a 98% two-sided confidence interval) will exclude a difference in favour of the traditional consultation [13] . We estimated that 400 patients at baseline were required to achieve valid 12-month data. The Research Department at Tromsø University Hospital administered the randomization. Participants were randomized by using an Rnd function in Microsoft Access [2, 11] .
Statistical analysis
We used SPSS 23 (IBM Corp, Armonk, New York, USA) to analyse the data. Cronbach's alpha tested for internal consistency of categories of satisfaction in the 12-month questionnaire. Continuous variables were tested for normal distribution with skewness, kurtosis and visual inspection of histograms. Continuous variables are given as mean (SD) and groups were compared by using t-test and chi-square (categorical variables). Intention-to-treat (ITT) analysis was performed by adding missing values to the cross-tabulation. Baseline characteristics of non-respondents were compared with respondents, and baseline characteristics of the randomized groups were compared between non-respondents at 3 and 12 months (dropout analysis). Age was categorized into 25, 50, 75 and 100 percentiles as part of the post hoc analysis. Pre-specified and non-pre-specified outcome variables are defined in the Patients and methods and Results sections. A minimal clinical significant change of Headache Impact Test 6 (2.3) and visual analogue pain scale (1.3) has been defined [14, 15] . To ascertain similar treatment outcomes, we compared minimal clinical significant change of Headache Impact Test 6 and visual analogue pain scale from 0 to 12 months between the two groups (Table 3) .
Consent and ethical approval
Oral and written information were given to all participants, and consent forms obtained before data collection. The participants' privacy and integrity were respected in accordance with the Helsinki Declaration [16] . The Norwegian National Committee for Medical and Health Research Ethics (REC) approved the study (NR.2009/1430/REK). It was first registered at the Norwegian Research and Management database (FAS.ID3897/HST959-10) [17] , and later at ClinicalTrials.gov (ID.NCT02270177).
Results
Of the 402 participants, 279 (69.4%) answered both questionnaires. Of the 145 respondents in the telemedicine group, 124 (85.5%) were satisfied, 9 (6.2%) were dissatisfied, 5 (3.4%) changed from dissatisfied to satisfied and 7 (4.8%) changed from satisfied to dissatisfied ( Fig. 2 ) at 12 months. Of the 134 respondents in the traditional group, 118 (88.1%) were satisfied, 6 (4.5%) were dissatisfied, 4 (3.0%) changed from dissatisfied to satisfied and 6 (4.5%) changed from satisfied to dissatisfied (Fig. 2 ) at 12 months. Cronbach's alpha of overall satisfaction, communication, information, diagnosis, advice and medication was 0.82. Baseline characteristics of all participants and those answering the 12-month questionnaire were balanced between the randomized groups ( Table 1) . At 3 months, those who answered the questionnaire were marginally older than the non-responders (P = 0.062), and at 12 months responders were older than nonresponders (P = 0.020) (Table S1-S2). We found no other differences between responders and non-responders at 3 and 12 months (P > 0.05) (Table S1-S2). Apart from a larger proportion of women among non-responders in the traditional group at 12 months (P = 0.023), baseline characteristics of non-responders were balanced between the randomized groups (Table S3-S4) . Table 2 shows baseline characteristics and comparisons between the genders. Table 3 summarizes per-protocol and ITT analyses of the frequency of satisfied patients (pre-specified) and the frequency in subgroups of satisfaction (non-pre-specified). Table 4 shows a non-pre-specified subgroup analysis of headache patients who underwent telemedicine, comparing those who were indifferent to the form of consultation and those who preferred traditional consultations.
There were no differences in combined satisfaction, overall satisfaction, communication, information, diagnosis, advice, prescriptions, GP treatment and follow-up at 12 months between the age categories (16-25, 26-36, 37-47 and 48-65 years, P > 0.05). Compared with those with only primary school/high school Data are presented as mean (SD) or number (%). Significant values are presented in bold (P < 0.05). BMI, body mass index; HIT-6, Headache Impact Test-6 [18] ; VAS, visual analogue pain scale (0 = no pain, 10 = worst possible pain) [15] .
education, participants with college/university education were more satisfied with communication (P = 0.047), were older (P < 0.001), had a longer history of headaches (P < 0.001), had a longer consultation (P < 0.001), recalled the diagnosis more frequently (P = 0.013) and visited their GP more often in the wake of the consultation (P < 0.001). There were no statistical differences in patients' overall satisfaction with consultation, information, diagnosis, advice and prescriptions.
Discussion
By comparing two different forms of consultation in a randomized manner and with similar group settings, we found that telemedicine was not inferior to a traditional specialist visit in terms of long-term satisfaction. When comparing the two groups, there was no difference in either satisfaction with consultation, communication, information, diagnostics and treatment or further GP treatment and follow-up at 12 months. Recent published studies show that patients with neurological disorders and pain conditions are highly satisfied with telemedicine [20, 21] . Conversely, headache sufferers are less satisfied with their healthcare [22] . This may be due to poor access to headache specialists [22] or misdiagnoses and suboptimal treatment [9] . However, centralizing headache care may diminish local GP follow-up, thus having a negative rebound effect on the quality of primary care [23] . At 12 months, the influence of headache on daily life was still high in both groups in our study ( Table 3 ). The relatively high ongoing headache burden in these patients may reflect limited access to headache specialists and follow-up.
Constant improvements in information and communication technology, such as electronic patient records, electronic prescriptions and telemedicine, may give rise to more convenient healthcare with easier access to secondary neurological departments and headache specialists. Other advantages would be saving of travel time and cost, as well as possible shorter specialist consultations [2] , without compromising the patientdoctor relationship [11] . Although we did not find any video deficit effects in the patient-doctor relationship, an important question that is in dispute and must be settled is how telemedicine consultations will affect the quality of care. Data are presented as mean (SD) or number (%). Significant values are presented in bold (P < 0.05). ITT, intention-to-treat analysis; PP, perprotocol analysis. Pre-specified variable: Overall satisfaction. The other variables are non-pre-specified: GP, general practitioner; MID HIT-6, minimal clinical improvement in Headache Impact Test-6 (2.3) [14] ; MID VAS, minimal clinical improvement in visual analogue pain scale (1.3 mm) (0 = no pain, 10 = worst possible pain) [15] ; TM, telemedicine.
Logically, patients who had undergone telemedicine were more indifferent to the type of consultation than those without such experience. Analysis of the telemedicine group showed that those who were indifferent to the form of consultation were more satisfied than patients who preferred a traditional consultation. The fact that patients who preferred traditional consultations in the telemedicine group had more headache days with more frequent medication overuse headache (MOH) indicate that traditional consultations are more suitable for patients with MOH. GPs have great potential to diagnose and treat the majority of patients with MOH, and could serve as a bridge to close this gap [24, 25] . However, patients who had a consultation via telemedicine had not experienced a traditional specialist visit, which may have biased the results.
A high telemedicine acceptance rate [2] combined with a high telemedicine satisfaction frequency at both 3 months [11] and 12 months provide evidence for a positive attitude towards telemedicine among headache patients. Moreover, a high inclusion rate in the study from the referred headache patient population strengthens the external validity. The fact that patients accepted telemedicine and trial participation on beforehand, and most were satisfied with the audio and video communication [2] , may have had an influence on the high proportion of satisfied patients. However, most of the eligible headache patients accepted telemedicine [2] , indicating that the selection bias is of minor concern. Having consultations in a very structured manner could be another bias, but the findings of high satisfaction correspond to results of many other telemedicine studies [20, 21, 26 ]. An issue that needs further investigation is whether implementing telemedicine can reduce waiting times to access headache specialists and, at the same time, lessen deterioration of the headache burden.
Another finding in the present study was that patients with higher education were more satisfied with the communication at the specialist consultation. This may have been influenced by longer consultations and more GP follow-ups. However, the level of education showed no difference in satisfaction between the randomized groups. This finding is not in accordance with previous literature, which indicates that higher education is positively associated with the use of eHealth technology [27, 28] .
A surprising finding was that women seemed to be more satisfied with telemedicine in many categories of satisfaction. An explanation is that higher headache burden, and possibly younger age with higher education among the females, could have influenced this result. Based on these findings and results from two previous articles [2, 11] , a typical patient benefitting from telemedicine would be a young, well-educated rural woman who presents with a severe headache, similar to the older patient in the Introduction [1] . Because of many univariate analyses, these findings may be due to chance alone.
One advantage of this study is that participants were consecutively recruited from referrals to a secondary neurological outpatient department. Another advantage is that we included 72.2% of those that were screened for study participation (Fig. 1) . However, as those who were older than 65 years of age were excluded, elderly patients with headache were not represented. A preponderance of primary headaches among women is in accordance with the literature [29, 30] , especially migraine, which affects women three times more often than men [30, 31] . The larger subgroup of women makes the analyses in this study more robust. Both groups in our study had similar reduction in headache burden. Thus, clinical improvement as a confounder of satisfaction is unlikely. Inhospital visits provide identical group conditions, but make this study less comparable to clinical practice. As we covered different aspects of satisfaction, the questionnaire content is valid, but we did not compare questions with a standardized questionnaire or rating scale. Cronbach's alpha shows that the different questionnaire aspects of satisfaction are reliable. Although the overall frequency of satisfied patients is similar to our 3-month results [11] , there may be some recall bias after 12 months. Lack of a placebo group and blinding are two other weaknesses, but would be difficult to implement in this study. In addition to a high response rate, both per-protocol and ITT analyses of satisfaction frequency and different categories of satisfaction did not favour traditional visits over telemedicine. Satisfaction with telemedicine consultations among non-acute headache patients is not inferior to traditional visits. These findings may stimulate more convenient and accessible headache care for patients, especially those in areas with no or limited neurological service.
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